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INTRODUCTION 
Problem: 
This study is a second ap'Jroach to the problem undertaJcen 
by Jack Robinson, Wayne Ketchner, and Ronald Wolff for their 
clinical year thesis, May, 19.59. The purpose of this study liaS 
to determine hmv the gross ophthalmometer cylinder, when modi-
fied by combining it with the hypothetical internal astigmatism 
of -.2.5 x 90, - • .50 x 90, and -.7.5 x 90, compared to the habitual 
cylinder being worn sat.;_sfactorily by the subjects . Secondly, 
the average deviotion of the cylinder axis as computed from the 
data of our predecessors. From this information a comparison 
of the modificati ons of the ophthalmometer cylinder could be 
made as to their relative validity in predicting a clinically 
acceptable cylinder from the opthalmometer findings . Finally, 
we compared the statisti cal data presented by our predecessors 
with those determined by this study. 
I 
PROCEDURE 
The data for this thesis was that compiled by our pre-
decessors. The ophthalmometer findings v1ere taken by the 
same clinican on the Bausch and Lomb Keratometer. Findings 
were taken only on patients reporting that they were satis-
factorily wearing their habitual cylinder. The f i ndi ngs 
were then grouped according to the power of the habitual 
cylinders rangi ng from -.25D to -l.OOD in .12D steps, and 
from -1. OOD to - 3. OOD in • 25D steps. The f ollo-vling is an 
explanation of the method of application of the three pre-
viously mentioned modifications. 
The graphical method was used in computing the result-
ant cylinder power and axis. 
The graphical method: 
1. Transpose the combination so t hat both cyl-
inders are of the same sign. 
2. ~ subtraction, determine the angle between 
the two cylinders. If this exceeds 90° trans-
pose to its other sphere-cylinder form . 
3· Multiply this angle by two and then subtract it 
from 180°. 
4. Lay off the angle found in 3 vlith a protractor. 
5. Label one side of this angle with the appro-
priate number of units in one of the cylinders 
with the axis as given and do the same for the 
other side of the angle with the other cylinder. 
6. Complete the triangle by j oining the two ends 
of the angle. This now gives the cylinder 
equivalent by scalar quantity. 
7. Using a protractor measure the other two angles 
of the triangle, remembering that the three 
angles total 180°. 
8. Divide each of these tl"'o angles by tuo. 
9. By adding the numbers obtained in 8 above to 
one of the axes of the given cylinders, or by 
subtraction from the other the same result is 
obtained. This result is the axis of the re-
sultant cylinder. 
3 
TABULATION OF DATA 
Age Sex Habo Cy1. Oph. Reading Gross Oph .. Cy1. Net Oy1. Net Oy1. Net Cy1. 
-.25 X 90 -.50 X 90 .... 75 X 90 
10 F .... 25 X 100 43 . 62 @ 170 -.62 X 170 -.37 X 164 -.25 X 145 -.25 X 115 
44 . 25@ 80 
10 F -.25 X 155 43.75@ 170 -.25 X 170 -.12 X 129 -.25 X 99 - • 50 X 9.5 
44.00 @ 80 
77 M .-.25 X 140 43.€'2@ 5 -1.00 X 5 -.75 X 7 -.50 X 10 -.25 X 19 . 
44.62@ 95 
51 M .-.25 X 165 42 .. 87 @ 175 -1 .. 12 X 17.5 -.87 X 173 -.62 X 171 --~37 X 165 
44.00 @ 85 
23 M -.25 X 157 41 .75 02 155 .... 50 X 155 -.37 X 140 -.37 X 112 .... 62 X 110 
42.25 @ 180 
28 M ... 25 X 90 43 .. 37 @ 90 -.12 X 90 - . 37 X 90 ..... 62 X 90 -.87 X 9@ 
43 .. 25 @ 180 
13 M -.25 X 105 44 .75 @ 40 ..... 12 X 130 -.37 X 102 -.50 X 97 - .. 75 X 95 
44.62 @ 130 
13 M - .. 2.5 X 45 44e50 @ 155 -.12 X 65 .... 37 X 83 .... 62 X 86 ...... 87 X 87 
44 .. 37 @ 65 
19 M -.25 X 90 41 . 50 @ 6 -.25 X 6 Sphere -.25 X 84 - . 50 .X. 8 7 
41.75 @ 96 
19 M -.25 X 65 41.62 @ 171 -.62 X 171 -.25 X 167 ~.12 X 134 -.25 X 169 
42 .. 25 @ 8~ 
58 M .-..25 X 120 44 .. 62 @1 57 -.62 X 157 - .. 50 X 146 -.50 X 131 -.50 X 118 
45.25 @ 67 
58 M -.25 X 80 44.25 ((y 164 -.62 X 164 
-. 37 X 160 -.25 X 142 -..25 X 112 
44.87 @ 74 
TABULATION OF DATA 
Age sex Hab. Cy1. Oph. Reading Gross Oph. Cy1. Net Cy1. Net Cy1. Net c.,-1. 
-.25 X 90 .... 50 X 90 •.'15 X 90 
23 M -.25 X 75 43.00 @ 166 -.so x 166 -.25 X 155 ... 25 X 128 .... 50 X 109 
43.50 @ 76 
23 M -.25 X 140 43.50 @ 162 -1.00 X 162 -.87 X 157 -.62 X 149 -.62 X 138 
44 .50 @ 72 
18 F .... 25 X 85 43 .. 25 @ 136 -.12 X 136 .- .. 25 X 124 -.50 X 97 .-..75 X 94 
43 .37 @ 46 
58 M -.25 X 180 43.50 @ 165 -1 .. 50 X 165 -1.25 X 162 -1.12 X 159 -.87 X 153 
45 .. 00 @ 75 
54 M -.25 X 115 41.62 @ 163 ...,.25 X 163 -.12 X 128 - .. 37 X 103 -.50 X 9Q 
41.87 @ 73 
54 M -.25 X 75 41 .. 62 ~ 175 -1.,00 X 175 .... .,75 X 173 -.50 X 170 .... 25 X162 
42.62 @ 85 
47 F .-..25 X 105 41.75 @ 180 -.87 X 180 ..... 62 X 180 ~ .. 37 X 180 - .. 12 X 180 
42.62 @ 90 
42 M (09.,25 X 105 41.37 @ 85 -.25 X 175 Sphere -.25 X 95 .... 50 X 93 
41.12 @ 175 
26 F -.25 X 135 44.25 @ 155 -.,25 X 15.5 - .. 25 X 124 ...... 37 X 115 -.62 X 98 
t1 4 .. 50 @ 65 
20 F - .. 37 X 175 44 .. 25 (<:g 175 --37 X 175 - .. 12 X 166 -.12 X 105 
- .. 37 X 95 44.62 @ 85 
55 F .... ,.37 X 165 43.37 @ 150 
44 .. 25 @ 60 
-.87 X 150 -.75 X 142 -.62 X 133 .... 62 X 122 
s 
TABULATION OF DATA 
Age Sex Hab. Cy1. Oph. Reading Gross Oph. Cy1. Net Cy1. Net Cyl. Net Cyl. 
-.25 X 90 -.50 X 90 -.75 X 90 
55 F -.37 X 30 43.50 @ 10 -1 .. 00 X 10 -.75 X 14 -.50 X 19 -.37 X 32 
44.50 @ 100 
45 F -.37 X 65 43 . 87 @ 171 -. 62 J\. 171 -.37 X 165 -..25 X 147 -.25 X 115 
44.50 @ 81 
21 F - . 37 X 95 41 .7 5 @ 180 -1.50 X 180 -1.25 X 180 -1.00 X 180 ~.75 X 180 
43 . 25 @ 90 
34 F -.37 X 107 45. 1 2 @ 180 -.75 :X 180 -.50 X 180 -.25 X 180 Sphere 
44 .12 ~ 90 
31 F -.37 X 50 45.00 @ 90 -.50 X 180 -.25 X 180 Sphere ..... 25 X 90 
44.50 @ 180 
42 M .... 37 X 15 43 .. 75 @ 180 ..... 75 X 180 - .. 50 X 180 ""o25 X 180 Sphere 
44 .. 50 @ 90 
26 M -.50 X 75 44.12 @ 42 -.12 X 132 -o25 X 103 - .. 50 X 97 .... 75 X 95 
42.00 @ 132 
21 M ..... 50 X 60 44.50 @ 10 .-. . 37 X 10 -.12 X 26 eo25 X 71 ..... 37 X 81 
44.87 @ 100 
15 F -.50 X 7 45 .. 12 @ 172 -1.00 X 172 .-!.75 X 169 -.50 X 165 -.37 X 154 
46.12 @ 82 
27 M -.50 X 112. 43.37@ 32 
42.75@ 122 
- .. 62 X 122 
-.75 X 113 
-1.00 X 108 -1 .. 12 X 104 
18 F -.50 X 180 41.62 @ 170 
-1.12 X 170 
-.87/ X 167 
-.62 X 162 .... 50 X 155 42 .. 75 @ 80 
6 
TABULAfiON OF DATA 
Age Sex Hab. Cy1. Oph. Reading Gro·ss Oph. Cy1. Net Cy1. Net Cy1. Net c.,-1. 
-.25 x 90 -.50 X 90 -.75 X 90 
48 F -..50 X 172 43 .. 50 @ 172 -.87 X 172 ... 62 X 169 -..37 X 162 -.25 X 145 
44.37 @ 82 
27 M -.50 X 180 44.25 @ 170 .... 87 X 170 -.62 X 166 .... 50 X 158 ... 37 X 142 
45.12 @ 80 
18 F ..... 50 X 75 43.25 @ 180 .-,50 X laO .... 25 X 180 Sphere .... 25 X 90 
43 .. 75 @ 90 
32 F .-.50 X 165 44.50 @ 150 ... 1.12 X 150 ~1.00 X 144 -1.00 X 137 -1.00 X 129 
45.62 @ 60 
58 M .... 50 X 176 43.25 @ 180 ... 1.37 X 18{) ~1.12 X 180 -.87 X 180 .... 62 X h80 
44 .. 62 @ 90 
28, F -.50 X 15 44. 75 @ 180 -1.87t X 180 -1.62 X 180 ~1.37 X 180 ~1.12 X 180 
46 .. 62 @ 90 
20 F -.50 X 165 46.25 @ 180 -.1.00 X 90 -1 .. 25 X 90 -1 .. 50 X 90 -1.75 X 90 
45.25 .. © 90 
19 M -.50 X 73 42.62 @ 40 -.62 X 130 ,..,.75 X 120 -.87 X 112 -1.,00 X 108 
42.00 @ 130 
72 F .... 50 X 165 46.00 @ 180 -.50 X 180 ..... 25 X 180 Sphere .... 25 X 90 
46.50 @ 90 
39 F -.50 X 110 43.00 @ 180 -1.,00 .X. 18{) -.75 A 180 .... 50 A 180 " .. 25 .X. 180 
44: .. 00 @ 90 
9 M -.50 X 170 42.25@ 170 -.75 .X. 170 -.50 X 165 -.37 .X. 155 .... 25 .X. 130 
43. 00 @ 80 
7 
TABULATION OF DATA 
Age sex Hab. Cy1. Oph. Reading Gross Oph. Cy1. Net Cy1. Net Cy1. Net Cyl· 
-.25 X 90 -.50 X 90 •.'75 :A 90 
20 F ..... 62 X 175 44.37 @ 175 .... 50 X 175 -.25 X 170 -.12 X 134 -.25 X 99 
44 .. 87 @ 85 
23 M ... q62 X 170 42.00 @ 177 ... 1.12 X 177 .... 87 X 176 -. 62 X 175 -..37 X 171 
43.12 @ 87 
21 F .-.,62 X 85 41.75 @ 180 ..... 75 X 180 ~.so x 1so .... 25 X 180 Sphere 
42.50 @ 90 
18 F ..... 62 X 115 45.00 @ 180 ... 1.00 X 90 .. 1.25 X 90 -1.50 X 90 -1.75 X 90 
44o00 @ 90 
19 F -.,62 X 180 49.00 @ 175 - .. 50 X 175 -.25 X 170 Sphere -.25 X 99 
49 .50 @ 85 
42 M -..62 X 5 44.00 @ 180 .... 50 X 180 -.25 X 180 Sphere 8.25 } ,90 
44o50@ 90 
34 F -.62 X 175 44.50 @ 90 -.25 A 180 Sphere .... 25 X 90 .... 50 X 90 
44.25 @ 180 
34 F -.62 X 175 44 .. 50 @ 90 - .. 25 X 180 Sphere -.25 1. 90 .... 50 X 90 
44.25 @ 180 
48 F .... 75 X 20 44 .. 62 @ 4 -.50 X 4 -.25 X 8 -.12 X 45 .... 25 X 82 
45.12 @ 94 
81 F -o75 X 180 43.25 @ 164 -1.,37 X 164 ~1.12 A 161 ~1.00 A 156 -o87 X 150 
44o62 (8 74 
38 F .... 75 X 80 45.87 @ 142 -1.12 X 52 -1.25 X 58 -1 .. 37 X 63 -.1.50 X 67 
44.75 @ 52 
g 
TABULATION OF DATA 
Age Sex Habo Cy1. Oph. Readirg Gross Oph. Cy1. Net Cy1. Net Cy1. Net Cy1. 
-.25 X 90 ... 50 X 90 -,75 X 90 
21 M o;o .• 7s ·x i~e'" · 43.12@ 16o -.87 X 160 -.75 X 154 ... 62 X 143 -.50 X 130 
, .. ' 44.00 (8:) 70 
21 M -.75 X 10 43.~5 c 175 ... 75 X 175 .... so ;: 172 -.25 X 163 ... ,.12 X L'33 
44.00 @ 85 
52 F .-.75 X 3 42.37 @ 170 -2.00 .X 170 -1.75 X 168 -1.62 X 167 -1.37 X 165 
44.27 @ 80 
77 M -.75 A 95 44.00 @ 5 -.37 X 95 -.50 X 104 -.62 X 11~) ..... 8'7 X ll9 
43.62 @ 95 
21 M ~.75 X '78 44.75 @ 170 -..50 X 170 .... 25 X 162 .... 12 :X 132 .... 37 X 100 
45.25 @ 80 
68 F -.75 1. 45 44.12 @ 180 -.37 X 180 ... 12 X 180 - .. 12 A 90 -.37 X ~0 
44.50 @ 90 
21 F .... 75 X 180 42.62 @ 180 -1.37 X 180 -1.12 .X 180 -.87 X 180 -. 62 'I 180 
44.00 tS 90 
21 F *"'o75 X 5 42.37 @ 170 .. 1.87 :X 120 ~2.00 X 116 ~2.12 X 114 -2.37 X 115 
44.25 @ 80 
45 F -.75 X 15 44.25 @ 3 ... 2.50 X 3 ... 2.25 X 3 -2.00 X 4 ... 1.,75 X 4 
46.75 @ 93 
31 M -.75 X 10 43.37 @ 10 
- .. 37 X 10 -.25 X 18 . -..12 X 62 .... 37 X 7 5 
43.62 @ 100 
17 M - .. 75 X 120 45.50 @ 140 -.25 X 140 
-..25 X 115 -.50 X 104 .... 75 X 99 
45.75 @ 50 
9 
TABULATION' OF DATA 
. 
Age Sex Hab. Cy1. Oph. Reading Gross Opb~ Cy1. N&t Cy1. lfet Cy1. Net Cy1. 
-.25 X 90 -.50 X 90 -.75 X 90 
17 M -.75 X 30 44.87 X 9 -1.37 X 9 -1.25 X 10 -1.00 X 13 -.75 X 118 
lf6. 25 X 99 
20 F 
-.87 X 165 45.00 X 156 -1.87 X 156 -1.75 X 153 -1.62 X 149 -1.50 X 145 
l+6. 87 X 66 
20 F -.87 X 10 44.75 X 180 -1.75 X 180 -1.50 X 180 -1.25 X 180 -1.00 X 180 
lf6. 50 X 90 
• 
65 F -.87 X 180 42.50 X 5 -1.62 X 5 -1.37 X 180 -1.12 X 180 -.87 X 180 
44.12 X 95 
13 F -.87 X 80 45.87 X 180 -.50 X 90 -.75 X 90 -1.00 X 90 -1.25 X 90 
45. 37 X 90 
48 M 
-.8? X 5 ~.12 X 175 -1.75 X 1.75 -1.50 X 174 -1.25 X 173 -1.00 X 171 
• 87 X 86 
68 F 
-.87 X 135 42.00 X 180 ~1.75 X 180 -1.50 X 180 -1.25 X 180 -1.00 X 180 
43.75 X 90 
58 F -1.00 X 10 43.75 X 178 -1.37 X 178 -1.12 X 177 -.87 X 177 -.62 X 176 
45.12 X 88 
45' F -1.00 X 113 47.12 X 120 
48.12 X 30 
-1.00 X 120 -1.12 X 115 -1.37 X 112 -1.50 X 107 
35' M -1.00 X 165 43.5'0 X 180 -1.50 X 180 -1.25 X 180 -1.00 X 180 -.75 X 180 45'.~0 X 90 
0 
TABULATI05 OF DATA 
• 
Age s.ex Hab. Cy1. Oph. Read1Qi Gross Opb. Cyl. Net Cy1. Net Cyl. lfet Cyl. 
-.25 X 90 -.50 X 90 -.75 X 90 
15 M -1.00 X 83 4-2.75 X 180 -.25 X 90 -.5o x 90 -.75 X 90 -1.00 X 90 
4-2.50 X 90 
15 F -1.00 X 180 4-4-.75 X 2 -1.25 X 2 -1.00 X 180 -.75 X 180 -.50 X 180 
4-6.00 X 92 
27 M -1.00 X 18o 4-3.75 X 18o -1.37 X 180 -1.12 X 180 -.87 X 180 -.62 X 180 
4-5.12 X 90 
21 M -1.00 X 76 4-5.00 X 30 -.25 X 61 -.50 X 75 -.62 X 81 
4-5.37 X 1.20 -.38 X 30 
32 M ·1.00 X 90 4-5.25 X 85 -.50 X 85 -.75 X 90 -1.00 X 90 -.1.00 X 90 
4-5.75 X 175 
32 M •1.00 X 90 45.75 X 90 -.25 X 90 •.50 X 90 -.75 X 90 -1.00 X 90 
46.00 X 180 
80 F 
-1.00 X 105 ~.87 X 165 -.62 X 165 -.50 X 156 -.37 X 147 -.25 X 126 
• 50 X 75 
34 M -1.00 X 110 46~50 X 10 -.12 X 100 -.37 X 94 -.62 X 92 -.87 X 91 
. 46.37 X 100 
18 F 
-1.00 X 72 41.87 X 73 ... 25 X 73 -.50 X 94 -.75 X 82 -1.00 X 86 
4-2.12 X 163 
35 M -1.25 X 25 43.75 X 175 
45.25 X 85 
-1.50 X 175 -1.25 X 180 -1.00 X 180 -.75 X 180 
58 F -1.25 X 175 43.50 X 167 -2.12 X 167 -1.87 X 165 -1.62 X 163 -1.50 X 160 
4-5.62 X 99 
I 
TABULATION OF DATA 
• 
A&• Sex Hab. Cyl. Oph. Reading Gross Oph. Cyl. Net Cyl. Net Cyl. Net Cyl. 
-.25 X 90 -.50 X 90 •.75 X 90 
19 M -1.25 X 125 41.00 X 4 -1.50 X 4- -1.25 X 180 -1.00 X 180 -.75 X 180 
42.50 X 94 
38 F -1.25 x_ 105 46.00 X 28 -.75 X 118 -.87 X 112 -1.12 X 107 -1.37 X 104 
45.25 X 118 
36 M -1.25 X 85 47.25 X 52 -1.25 X 142 -1.37 X 42 -1.50 X 52 -1.62 X 56 46.oo x 142 
20 F 
-1.25 X 175 46.87 X 90 -1.62 X 180 ·1.37 X 180 -1.12 X 180 -.87 X 180 
lt5. 25 X 180 
• 
13 F -1.25 X 95 45.75 X 180 -.50 X: 90 -.75 X 90 -1.00 X 90 -1.25 X 90 
45.25 X 90 
26 M -1.50 X 90 4-3.12 X30 -.12 X 120 -. 37 X 60 -.62 X 95 -.87 X 93 
4-3.00 X 120 
29 F -1.50 X 180 42.62 X 170 -2.12 X 170 -1.87 X 168 -1.62 X 167 -1.50 X 165 
44.75 X 80 
32 F -1.50 X 165 42.§0 X 175 -.37 X 175 -.12 X 1.80 -.12 X 180 -.25 X 180 
42. 7 X 85 
4-8 M -1.50 X 170 a9.25 x 168 -2.87 X 168 -2.00 X 166 -1.75 X 165 -1.62 X 162 
1.50 X 78 
56 F •1.50 X 30 43.37 X 31 -2.87 X 121 -3.12 X 119 •3.25 X 117 -3.37 X 115 
4o. 50 x 121 
I Z 
TABULATION OF DATA 
Age Sex Hab. Cyl. Oph, Reading Gross Oph. Cy1. Net Cy1. Net Cy1. Net Cy1 • 
... 25 X 90 
-.50 X 90 -. 75 X 90 
51 F -1.50 X 175 ~.25 X 180 
• 50 X 90 
-1.25 X 180 -1.00 X 180 -.75 X 180 •• 5'0 X 180 
51 M -1.50 X 170 ~· 7'5 X 180 -.7'5 X 180 -.'50 X 180 ·.25 X 180 . Sphere 
• 50 X 90 
27 M 
-1.'50 X170 lf-2.25 X 170 
41+. 00 X 80 
-1.75 X 170 -1.50 X 168 -1.25 X 166 -1,12 X 163 
81 F 
-1.75 X 152 41+.37 X 165 -.37 X 165 -.25 X 135 -.25 X 95 -.37 X 108 
lt-4,75 X 75 
• 
65 F "-1.75 X 17lt- lt-2.75 X 180 -1.00 X 180 -. 75 X 180 •.50 X 180 -.25 X 180 
lf-3.75 X 90 
29 F -1.75 X 175' lt-2.75 X 175 
44.87 X 85 
... 2.12 X 175 -2.00 X 17lt- ... 1.75 X 173 -1.50 X 172 
lt-8 M 
-1.75 X 90 44.87 X 6 -1.37 X 96 -1.62 X 91 -1.87 X 91 -2.12 X 9lt-
lf-3. 50 X 96 
lt-8 M 
-1.75 X 90 lt-lt. 00 X 2'5 -1.37 X 115 -1.62 X 112 ·1.75 X 109 l!t2. 00 X 98 
lf-2.62 X 115 
81 F 
-1.75 X 152 41+.37 X 165 -.37 X 165 -. 25 X 135 -.25 X 95 -.37 X 108 
lt-lt.75 X 75 
52 F -1.7'5 X 178 lt-2.75 X 180 -.87 X 180 -.62 X.180 -.37 X 180 -.12 X 180 . 
lt-3.62 X 90 
18 F -1.75 X 180 lt-1.~7 X 180 -1.50 X 180 -1.25 X 180 -1.00 X 180 -.75 X 180 
42. 7 X 90 
d 
/.] 
TABULATION OF DATA 
AI• Sex Hab. C71. Oph. Reading Gross Oph. Cy1. Net Cyl, 
-.25 X 90 
Net Cyl 
-.50 X 90 
Net Cyl 
-. 75 X 90 
23 F --2.00 X 180 4-5.50 X 90 •2. 12 X 180 -1.87 X 180 · 1. 62 X 180 ... 1. 37 X 180 
4-3.37 X 180 
29 F -2.00 x 180 4-4-.87 X 180 -1.12 X 180 -,87 X 180 -.62 X 180 -.37 X 180 46.oo x 90 
14- M -2.00 X 106 lt-3,87 X 120 -1.37 X 120 -1.50 X 116 -1.75 X 112 -1.87 X 110 
4-5.25 X 30 
67 F -2.00 X 180 4-2,00 X 180 , -3.00 X 180 
-2.75 X ~80 -2.50 X 180 -2.25 X 180 
4-5.00 X 90 
4-7 F 
-2.00 X 85 4-6,75 X 90 .. -.50 X 90 -.75 X 90 -1.00 X 90 -1,25 X 90 
4-7.25 X 180 
53 M -2.00 X 178 4-3,62 X 180 
4-6.00 X 90 
-2.37 X 180 -2.12 X 180 -1,87 X 180 -1,62 X 180 
34- M -2.50 X 5 4-4-,25 X 5 -2.50 X 5 -2.25 X 5 -2,00 X 6 •1,75 X 7 
4-6,00 X 105 
55 M -2,25 X 3 4-1.50 X 180 -2.25 X 180 -2.00 X 180 -1.75 X 180 -1.50 X 180 
4-3.75 X 90 
4-8 F 
-2.25 X 85 4-2.50 X 90 · 1.50 X 90 e1,75 X 90 -2,00 X 90 -2,25 X 90 
4-4-.oo x 180 
4-8 F 
-2.25 X 92 4-3.50 X 178 -...... 25 X 88 -1.50 X 90 -1.75 X 90 -2.00 X 90 
4-2,25 X 88 
32 F -2.25 X 180 4-3.50 X 178 -1.75 X 178 -1.62 X 180 -1.37 X 180 -1.12 X 180 
4-5.25 X 88 
• 
56 M 
-2.25 X 10 4-1:50 X 180 -2,00 X 180 
-1.75 X 180 -1.50 X 180 -1.25 X 180 4-3.50 X 90 
,, / i_ 
TABULATION OF DATA 
Age Sex Hab. Cy1. Oph. Reading Gross Oph. Cy1. Net Cy1. Net Cy1. Net Cy1. 
-.25 X 90 -.50 X 90 -.75 X 90 
• 
34 M -2.50 X 165 41+. 25 X 170 
46.75 X 80 
-2.50 X 170 -2.25 X 168 -2.00 X 167 -1.87 X 166 
83 F -2.50 X 90 42.7"5 X 90 
44.25 X 180 
-1.50 X 90 -1.75 X 90 -2.00 X 90 -2.25 X 90 
49 F 
-2.50 X 180 43.50X3 -3.50 X 3 -3.25 X 2 -3.12 X 2 -2.75 X 2 
47.00 X 93 
54 F 
-2.50 X 5 41+.50 X 90 -2.00 X 180 •1.75 X 180 -1.50 X 180 -1.25 X 180 
42.50 X 180 
25 M -2.50 X 15 4o. 75 X 9 -3.37 X 169 -3~25 X 9 -3.00 X 11 -2.87 X 11 
41+.25 X 99 
• 
25 M -2.50 X 175 41.00 X 169 
44.37 X 79 
-3.37 X.169 •2.12 X 168 -2.62 X 167 -2.75 X 166 
5 M -2.75 X 180 lt-4.75 X 180 ·3.75 X 180 -3.50 X 180 -3.25 X 180 -3.00 X 180 
48.50 X 90 
• 
49 F 
-2.75 X 180 43.50 X 180 -3.50 X 180 ~3.25 X 180 -3.00 X 180 -2.75 X 180 
47.00 X 90 
55 M -2.75 X 180 41.50 X 180 ·2.25 X 180 -2.00 X 180 -1.75 X 1$0 -1.50 X 180 
43.75 X 90 
36 M -2.75 X 75 41.50 X 60 -2.50 X 60 -2.62 X 62 -2.75 X 65 -3.00 X 66 
44.oo x 15o 
53 F -2.75 X 165 42.00 X 90 -2.25 X 90 -2.50 X 90 -2.75 X 90 -3.00 X 90 
44.25 X 180 
25 M_ -2.75 X 10 42.50 X 180 -2.50 X 180 -2.25 X 180 -2.00 X 180 -1.75 X 180 
45.00 X 90 
r - fj-I":J 
TABULATION OF DATA 
Aee Sex Hab. Cy1. Opb. Reading Gross Oph. Cy1. Net Cy1. Net Cy1. Net Cy1. 
-.25 X 90 -.50 X 90 -.75 X 90 
13 M -3.00 X 180 '+0:75 X 180 -3.00 X 180 -2.75 X 180 •2.50 X 180 -2.25 X 180 
43.75 X 90 
9 M -3.00 X 20 ltlt.87 X 111 -3.12 X 21 -2.87 X 23 -2.75 X 2'+ -2.62 X 27 
'+1.75 X 21 
• 
10 M -3.00 X 60 '+3:50 X 3? -2.50 X 37 ·2.50 X 4o -2.37 X '+3 •2.37 X 46 
'+6.00 X 127 
• 
34 F -3.00 X 115 '+5. 50 X 90 -2.75 X 90 -3.00 X 90 -3.25 X 90 -3.50 X 90 
'+8.25 X 180 
59 F -3.00 X 135 45.00 X 1'+5 -2.00 X 145 -2.00 X 141 -1.8? X 13? -1.87 X 13'+ 
47.00 X 55 
37 F •3.00 X 170 43.87 X 160 -3.00 X 160 -2.87 X 158 -2.62 X 156 -2.3? X 153 
4-6.87 X 20 
/6 
THE STATISTICAL AN .LYSIS OF THE COHPILED DATA 
Each catagory of habitually worn cylinders is analyzed 
as a unit vdth respect to each of the three modifications. 
The central value used in this stuqy was the l{gAN, calculated 
in the conventional manner by using the formula {~,X) , 
The STANDARD DEVIATION was likewise calculated i n the conven-
tional manner by usi ng the fomula ~~J"" , x being X - M. 
If the mean c.ylinder is found to lie within one probable er-
ror (.6745 x standard deviation) of the habitually worn cyl-
inder it is considered significant on a group basis. The use 
of the probable error allows the significant limits to en-
compass 50% of the cases scattered symmetri cally about the 
mean net cylinder. This statistical data 1·ras recorded on 
graphs for each catagory of habitual1vorn cylinder. 
The sum of the degrees of the axis deviation fa:-om the 
habitually worn cylinder for the individual subjects within 
each category was divided by the number of subjects to de-
temine an average deviation. A comparison was then made 
between the average deviations of this stuqy, and those of 
Javal, HcCulloch, and Sutcliffe of our predecessors study. 
17 
COHPARISON OF AVERAGE AXIS DEVIATION, FROH HABITUAL CYLINDER IN DEGREES, AS 
MODIFIED BY THE HYPOTHETICAL ASTI GHATIC FACTORS, AND TF.i: RULES OF JAVAL, 
HcCULLOCH, AND SUTCLLFFE. 
Ha·). Cyl. 
Pcn:er -.25 X 90 -.50 X 90 -.75 X 90 Javal McCulloch Sutcliffe 
-.25 35.60 31.8 33.22 37 .90 28 .76 28.76 
-- 37 43 . 87 52.50 48.33 52 .12 ~ 4 -75 44.75 
-.50 27 ·37 25.35 33. 44 28.62 28.62 28.62 
-.62 22.66 54.33 62 .59 27.12 68. 37 68.37 
-.75 23.13 26.73 30 .06 26.93 25 .46 2L o)_j.6 
-.87 14.83 15.60 16.50 14.83 14.83 14.83 
-1.00 11.75 8.07 1C: .91 11.08 7-33 7.33 
-1.25 16.43 19.51 15.00 25.28 25 . 28 25.28 
-1.50 20.84 18.00 21.14 27.62 19.50 27 .62 
-1.75 8.25 18.00 13.87 20.37 U. .25 20 . 37 
-2.00 2.63 2.16 1.83 3.50 18 . 50 18.50 
-2.25 3. 66 3.50 3· 33 4.33 4. 33 4.33 
-2.50 3. 83 3. 50 3. ~0 1+.16 4.16 4.16 
-2.75 16.33 15.83 15.66 16.66 16.66 16.16 
-3.00 11.00 10.33 16.66 11. ~0 11.50 11.50 
/i' 
EXPLANATION OF GRAPHS 
Two methods were used in plotting the graphs contained 
in this study. For each habitually -vrorn cylinder category, 
one graph was plotted ~th the net cylinder as calculated by 
the modificat·ons on the X-axis rounded to the nearest .12D, 
and the frequency of the net cylinders on the Y-axis. Each 
graph contains a line for each of the modifications, sho-vdng 
the three distributions in a manner v1hich faci.li t ates com-
paris on. 
The second method of graphing the data consists of four 
graphs, one for each rule and the gross, plotting the entire 
range of habitually worn cylinders on the X-axis against the 
mean net cylinder on the Y-axis. The significant range of 
plus or minus one prcbable error is shaded in on each side of 
the mean. From these graphs one can v i sualize the degree of 
deviation from the habitually worn cylinders as it varies 
throughout the ran~e. 
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-. 25 HABI.rUAL CYLINJER 
Showing Frequency of Nat Powers 
-.25 X 90 = Blue Rule N 
-.50 X 90 = Red -.25 X 90 21 
-.7 5 X 90 = Green -.50 X 90 21 
-.75 X 90 21 
Mean Sigma p • L • 
:43 .31 ~ 
.46 .217 .146 
.51 .224 .151 
R ~JS' -50 -7S -/. {)6 -I.J.S -/.~0 - /.75 -1.00 - ~. ;)!} -:J.SC -).. 7;- -'5.00 - 3,5() 
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-.37 HABITUAL CYLINDER 
Showing Frequency ~ of Net Powers 
Rule }L nMean 
-.25 X 90 = Blue -.~ 90 8 .56 
-.50 X 90 :: Red -.50 :X. 90 8 .37 
-.75 X 90 = Green -.75 X 90 8 .33 
Si~a p • E. 
.3 ..... :209 
.299 .202 
.249 .168 
PL :-JS' -:5C -.75 -It~ - 1,)5 , , 5D -/.7} -JCC - ;t. )5' - ;?.S'c) -f..l$ - 3.DC - 3.J.5 - 3 :iD 
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-. 50 HABITUAL CYLINDER 
Showing Frequency of Net Powers 
. 1-
"Rule N Mean Sigma p • E. 
- .25 X 90 = Blue -.25 X 90 I'6 -:72 .391 .263 
-.50 X 90 = Red -.50 X 90 16 • 67 .418 .362 
-.75 X 90 ~ Green -.75 X 90 16 .64 .43 .29 
(>J.. -:.~ -:SO -;/S -1.00 -J •. l.S - 1,:;-o -1.7.> -JeD ~J.).S"" -~SJ) -.A 71>- -J.vl. -],).S -3.50 
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- • .62 -. HABI 'fUAL , CYLIND.ER 
Shbwirig Frequency of Net Powers 
,. 
Rule N ' Mean Sigma p • E • 
-.25 X 90 = Blue -.25X 90 8" 
- :42 .408 ~ 
-.50 X 90 = Red -.50 X 90 8 .37 .459 .310 
-.75 X 90 = Green . -.75 X 90 8 .48 ~ . 244 .165 
{J). -;J.5"" -;SO -;75" -/.Db -/.').S -/.SO - t.7S' -:l.W -J.)S" -~.so -;z.7s- -.1,/J~ -3. '1~ -J,SO 
Net Cylinde r 
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-. 75 HABITUAL CYLINDER 
hewing Frequency of Net Powers 
Rule N Mean sira P. E. 
-.25 X 90 = Blue 
-·EA 90 T5 -;m:- ~ .6 :451: 
-.50 X 90 = Red -.50 X 90 15 .83 .1357 .443 
-.75 X 90 : Green --.75 X 90 15 .86 .609 .411 
fJ.. --;J.S -.50 -.75 -l.vo -/.25 -!So -/.7S -),po -:J.)S' -;.so -;<.75 -3.o~ · 3,)S -:J.so 
Net Cylinder 
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-. 8'7 HABITUAL CYLINDER 
Showing ·Frequency of Net Powers 
Rule N Mean Sigma p • E • 
-.25 X 90 = Blue . - ."2"5X 90 0 ~ .309 .208 
-.50 X 90 :: Red -.50 X 90 6 1.25 .188 .12'7 
-.'75 X 90 = Green -. '7 5 X 90 6 1.10 .218 .14'7 
-;.;s -~. 5o -:us -?oo -3..;.s -3.Si. 
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- 1 . 00 HABirUAL CYLINDER 
Showing Frequency of Net Power 
-.25 X 90 • Blue 
-.50 .X. 90 = Red 
-.75 X 90 = Green 
Rule 
-.'2"5X 90 
-.50 X 90 
-.75 X 90 
N 
I"2 
12 
12 
Mean 
-:-70 
.so 
.83 
Sigma 
.337 
.251 
.319 
P. E. 
.227 
.169 
.~2l5 
fL -;~5" -.5o -.75 /,oo - /,").S -/.SP - 1. '1.:.- -Z .ub -J..JS -.:l.s-0 -~.7.5" - 3,{)() - 3.J.S' -3SO 
Net Cylinder 
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- 1 . 25 'HABITUAL CYLINDER 
Showing Frequency of Net Powers 
I Rule N Mean Sigma P. E. 
-.25 X 90 = Blue -.~ 9J) 7 r:-2"5 .339 .228 
-.50 X 90 : Red -.50 X 90 7 1.19 .239 .161 
-.75 X 90 = Green -.75 X 00 7 1.23 .397 .289 
fl- --:J.~ -;50 ,75 -/.(){) - /.J.5 -/.sa - /.15" -:too -J.)s- -;A.so -;;.rr -J.t; o -3 . ~o - 3 . .s-o 
Net Cylinder 
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1- 1 . 50 HABITUAL CYLINDER · 
Showing Frequency of Net Powers 
Rule N 
-.25 X 90 = Blue : -.5-x' 90 8" 
-.50 X 90 :: Red -.50 X 90 8 
-.75 X 90 = Green -.75 X 90 8 
t t 
+ 
> ~ 
Mean Sigma p • E. 
T:3I .991 :-mm 
1.20 .921 .622 
1.15 .994 .561 
PL. -;;..5 -;5/) -;75 -t.oo -J.)S -!.so - /.75 ~:~.oo -J,'J.s -;~.so - J.7£ -3.oo -JJs -3,so 
~ ~ ;· 
Net Cylinder 
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- 1 . 75 HABITUAL CYLINDER . 
Showing Frequency of Net ' Powers 
Rule N 
-.25 X 90 = Blue -.25X 90 8 
-.50 X 90 : Red -.50 X 90 8 
-.75 X 90 = Green - .. 75 X 90 8 
Mean Sigma p • E. 
r.T7 .639 .431 
.97 • 661 .447 
.94 .764 r. 516. 
t'L ~;IS" ~51> -:1S -/.lJD - J:).JT -f.ST> - /.7.> - ;].co -,;l.lS - ;1. S"o -;Pr - 3.Do -3 .~s- -3.5 o 
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-2:oo HABI'.rUAL CYLINDER 
'· 
Showing Frequency of Net Powers 
N 
-.25 X 90 = Blue -.25 X 90 6 
-.50 X 90 = Red -.50 X. 90 6 
-.75 X 90 : Green -.75 X 90 6 
Net Cylinder 
30 
Mean Sigma. P.~< E • 
r.64 • 59.7 .47 
1.56 .451 .304 
1.46 .583 .394 
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- 2 . 25 .HABITUAL CYLINDER 
Showing Frequency of Net Powers 
Rule N Mean Sit;rna p. E • 
-.25 X 90 : Blue ~ -.2"5"--x 90 0 r.rro .267 :T8 
-.50 X 90 = Red -.50 X 90 6 1.71 .267 .18 
-.75 X 90 = Green I -.75 X 90 6 1.63 .427 .288 
p~. ~.a5 ~50 -.7~- -1,{)1) - 1:)5 - /.$T> -/.7S -J.OO - J..J.S' - J . :l'"D - J.7S - 3.t>l> -3.J.S -3.SD 
Net Cylinder 
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- 2 . 50 HABI·rUAL CYLINDER • 
Shovring Frequency of Net Powers 
+ 
+ Rule N 
-.25 X 90 = Blue -.m 9o 0 
-.50 X 90 : Red -.50 X 90 6 
-.75 X 90 = Green -.75 X 90 6 
PL. -.~5 -.so -.7S -lbo -/.~s -l.t>D -1.75 -10o 
Net Cylinder 
Mean Si~a p. E. 
~ .502 :-339 
2.37 .585 .395 
2.29 .55 .371 
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- 2 .75 · fu\.BI 1rUAL CYLINDER 
l 
Showing Frequency of Net · Powers 
' 
Rule N 
-.25 X 90 = Blue -.25 X 90 ~ 
-.50 X 90 = Re -1 -.50 X 90 6 
-.75 X 90 = Green -.75 X 90 6 
n ;-;l5 -;SO -; 7S -/,OD 
Net Cylinder 
JJ 
Mean Sigma p • E. 
~ .529 .357 
2.58 .534 .36 
2.50 .629 .425 
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- 3 . 00 HABirUAL CYLINDER 
Showing F~equency of Net Powers 
~ 
Rule N Mean Sigma p • E • 
-.25 X 90 = Blue ' -.~ 90 0 2.67 .335 .226 
-.50 X 90 = Red --50 X 90 6 2.56 .415 .28 
-.75 X 90 = Green -.75 X 90 6 2.49 .501 .338 
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